We constrain the contribution of tensor-mode perturbations with free n t in the models with dynamical dark energy with the barotropic equation of state using Planck-2015 data on CMB anisotropy, polarization and lensing, BICEP2/Keck Array data on B-mode polarization, power spectrum of galaxies from WiggleZ and SN Ia data from the JLA compilation. We also investigate the uncertainties of reconstructed potential of the scalar field dark energy.
Introduction
In the last years publication of the data on B-mode polarization of CMB (e.g. [1] ) has given new opportunities to determine the contribution of tensor mode of cosmological perturbations (primordial gravitational waves).
We constrain 2 free parameters -the tensor-to-scalar ratio r and tensor spectral index n t -jointly with the parameters of dynamical dark energy model and main cosmological ones. We restrict consideration to the models with −1 ≤ n t ≤ 0. For dark energy we adopt the model of minimally coupled classical scalar field with the barotropic equation of state described in [2] (involving both quintessential and phantom subclasses).
Method and data
We use the Monte Carlo Markov chain (MCMC) method implemented in the CosmoMC code [3] , assume the Universe to be spatially flat and apply for neutrinos the minimal-mass normal hierarchy of masses: a single * Presented at The [4] ; B-mode polarization from the joint analysis of BICEP2/Keck Array and Planck (BKP) [1] ; B-mode polarization for 2 frequency channels from BICEP2/Keck Array (BK) [5] ; power spectrum of galaxies from WiggleZ Dark Energy Survey [6] ; Supernovae Ia luminosity distances from JLA compilation [7] ; Hubble constant determination [8] . 
Results and conclusions
The results are presented in Fig. 1 and Table 1 . We see that the maximum of posterior for n t is at 0, where the distribution is cut by prior. Therefore, for the models with free tensor spectral index the positive values of n t should be included into analysis. The obtained 2σ upper limit on the tensor-to-scalar ratio is significantly lowered by inclusion of BKP and especially BK data on B-mode polarization. These limits are lower than the corresponding ones obtained for the slow-roll approximation and the same cosmological model (0.118 for Planck2015+WiggleZ+JLA, 0.09 for Planck2015+WiggleZ+JLA+BKP, 0.072 for Planck2015+WiggleZ +JLA+BK). Inclusion of the B-mode polarization data as well as using the slow-roll approximation for inflation has almost no effect on precision of determination of the other cosmological parameters.
The dark energy models corresponding to the mean values of parameters and their 1σ and 2σ lower confidence limits are phantom, while those with parameters at the 1σ and 2σ upper confidence limits are quintessence. The phantom dark energy models with mean parameters are much closer to the cosmological constant than the obtained in [2] ones for all 3 datasets: their equation of state parameter evolved only from -1 to -1.023 --1.025 from the Big Bang up to now. This results in significantly weaker constraints on c 2 a than in [2] .
Reconstructed potentials of the dark energy scalar field are shown in Fig. 2 (more details on reconstruction of the potentials for fields with c 2 a = 0 can be found in [9] , for quintessential fields with arbitrary c 2 a in [10] ; the impact of uncertainties in the cosmological parameters determination on the reconstructed potentials for w = const was analyzed in [11] and for c 2 s = const was estimated in [12] ). We see the phantom fields slowly rolling up the potentials for mean values of parameters, their 1σ and 2σ lower confidence limits, as well as the quintessence fields slowly rolling down the potentials for 1σ and 2σ upper confidence limits during the evolution of the Universe from a = 0.001 to 1. This work was supported by the project of Ministry of Education and Science of Ukraine (state registration number 0116U001544). Author also acknowledges the usage of CosmoMC package.
